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Information about the composition of human surface skin fat is rather scattered and is
not easily correlated, largely because of the varying methods used for the collection of the
material. Some of the data given is that for 'sebum', the secretion produced by the seba-
ceous glands and containing fatty compounds and epithelial debris. Unna and Golodetz
(1), for example, found that sebum contains about 45% of water-insoluble fatty acids, and
they determined the amounts of cholesterol, certain related steroids and cholesteryl esters
(cf. also Golodetz (2)). Pachur (3) examined the fat of sebum collected from the foreheads
of individuals of various age-groups and also that from patients suffering from eczema and
acne vulgaris. More recently Carrie and Ottofrickenstein (4) have determined the acid
number of skin fat, Zehender (5) has examined the sebum triglycerides and Butcher and
Coonin (6) have studied the physical properties of human sebum.
An appreciable amount of information about the fat of ovarian dermoid cysts is avail-
able (eg. Lieblein (7), Ludwig (8), von Zeynek (9), Ameseder (10), Dimter (11) (12) and
Behrnel (13)); in many respects this fatty matter appears to show a close resemblance to
sebum and has been assumed by many to be identical with that secretion. Hair fat, which
also resembles sebum or may at least be a mixture of sebum and sweat lipids with a little
epidermal cholesterol, has also been studied (Eckstein (14), Burtenshaw (15)), and exten-
sive chemical investigations have been made on sweat, which presumably invariably con-
tains an appreciable amount of sebum.
Many different methods have been used for obtaining surface skin fat or sebum,
and the nature of the material obtained will obviously depend very largely on
the method of collection used. In our investigations we have confined ourselves
to the acetone- and chloroform-soluble material which is removed when the
forearm is immersed for a short time in acetone, and we use the term sebum for
this fatty mixture. This material includes lipids derived from the sweat glands
and the cells of the horny layer as well as the lipids secreted by the sebaceous
glands. Our investigations have shown, however, that after immersion of the
arm in acetone this lipid material is rapidly replaced, suggesting that the mix-
ture we are collecting is a fatty material secreted by the skin and containing very
little fat from the epithelial cells.
The objects of the present investigation were to study (a) the composition of
normal human sebum and (b) some of the factors which normally influence the
rate of secretion of the whole sebum and some of its important constituents.
This study is preliminary to investigations on sebum excretion in various patho-
logical conditions and following the administration of certain drugs and related
compounds.
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EXPERIMENTAL METHODS
CollectionS of 'Sebum'
'Sebum' was collected from normal males, aged 18—30, by the method of
Rickets, Squire and Topley (16), modified slightly by the use of chloroform to
remove part of the nitrogenous 'impurities' present in the extracted fat (see
below). The forearm was immersed up to the elbow in 2 litres of acetone (pre-
viously twice distilled from an all-glass apparatus) contained in a tall cylinder.
The arm was kept immersed for a period of three minutes; it was then removedand
the other arm similarly extracted. The acetone was then removed by distillation,
leaving a residue of extracted fat, cellular debris and dirt. This residue was dis-
solved in chloroform, the solution filtered and evaporated to dryness and the
residue weighed.
TABLE 1
Detait8 of the bulk collections of 'sebum'
BATCH NO. OP SUBJECTS 3EBUS OBTAINED
g. g./subject
A* 6 0.622 0.104
B* 4 0.456 0.114
C 6 0.572 0.095
D 25 2.444) 0.098
E 82 9.020 0.110
F 22 2.249 0.102
G 26 2.572 0.099
II 23 2.281 0.099
K 55 6.173 0.112
* These preparations were obtained by simple extraction of the forearm with acetone.
For all other batches the 'sebum' obtained from the acetone extract was extracted with
chloroform as described in the text.
Bulk collections of 'sebum' were made in this way from a number of individ-
uals, the same 2 litres of acetone being repeatedly used up to a maximum of ten
extractions. It was then removed by distillation and used for a further ten ex-
tractions; all residues were pooled and put through the chloroform stage together.
Great care was taken to remove all chloroform from these larger samples. Details
of these 'bulk' preparations are given in Table 1.
No apparent harmful effects have resulted from this treatment of the skin.
Occasionally, during very cold weather, slight chapping of the arms was ob-
served, but this can be avoided if, immediately after extraction, the arms are
washed in warm water and thorougMy dried. After extraction with acetone the
skin becomes very dry, but it rapidly regains its normal appearance.
Since the amount of fat that could be extracted was found to depend on the
time that had elapsed since the arm had been washed (Fig. 1) collections were
normally made from individuals one hour after a wash. In the bulk collections,
however, this was not always practicable, and these collections were made
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between 1 and 2.5 hours after the last wash. The subjects were instructed to
take particular care over this wash, and to avoid contact of the hands with hair
dressings and other extraneous fats.
General Methods for the Fractionation of 'Sebum'
After a suitable sample of the fat had been set aside for the determination of
chemical constants, the free fatty acids were first separated by extracting an
ethereal solution of the fat with KOH solution. A 2—4% solution of the fat in
ether was shaken successively with 40, 20 and 10 ml. of 1% KOH per 100 ml.
ether and finally with 40 ml. of water. A small amount of ethanol was added
before each extraction to prevent the formation of emulsions. The fatty acids
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Fio. 1. SECRETIoN SEBIJM AFTER WASHING WITH SOAP OR AFTER
ACETONE EXTRACTION
Collections from 3 individuals (A, B and C) from both forearms following washing with
soap and water (Circles) or an acetone extraction (crosses).
were obtained by acidifying the resulting aqueous soap solution and extracting
with ether.
For the separation of the unsaponifiable fraction and the combined fatty
acids, the neutral fat fraction was saponified by the method recommended by
the Society of Public Analysts (17) with appropriate alteration in the volumes
of reagents according to the amount of fat saponified. The liberated fatty acids
were isolated from the soap solution thus obtained.
The unsaponifiable fraction was further fractionated by a chromatographic
method; a 1% solution of the unsaponifiable matter in warm light petroleum
(b.p. 40—60°C) was adsorbed on a column of alumina (British Drug Houses Ltd.:
'For chromatographic adsorption analysis') and then eluted with light petro-
leum, with 5% and 10% chloroform in light petroleum, with pure chloroform
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or ether, and finally with methanol. During the development of the chroniato-
gram a series of bands was obtained which fluoresced in ultraviolet light. By
following the elution of these bands the various fractions were collected and
examined. Though developed independently, this method resemples that used
by Swain (18) for the examination of the unsaponifiable fraction of dog-fish
liver oil.
The aqueous residues from the saponification were examined for glycerol by a
method similar to that used by Zehender (5).
Determination of Chemical Constants. Iodine numbers were determined by the
method of Yasuda (19) using about 3 mg. of fat; a standard containing choles-
terol was set up with each series of determinations and if this gave a result below
65 (theory 65.8) the series was repeated. More reproducible results were obtained
when carbon tetrachioride was used as solvent in place of chloroform, in spite
of the turbidities that it produced.
For the determination of acid numbers, or neutralization equivalents, about
10 mg. of fat dissolved in 5 ml. of chloroform was titrated with 0.005 N-ethanolic
NaOH solution, using cresol red as indicator, the mixture being stirred by a
stream of C02-free air during the titration (cf. Moyle, Baldwin and Scarisbrick.
(20)).
Acetyl numbers were determined by a semi-micro modification of the method
of West, Hoagland and Curtis (21) using 30—100 mg. of fat. Reichert and Polenske
values were determined by the method of Dyer, Taylor and Hamence (22).
For the determination of cholesterol the method of Kelsey (23) was used, with
slight modification of the final colorimetry by using a photo-electric colorimeter
and standardized conditions of colour development. Phosphorus was estimated
by the method of Fiske and SubbaRow (24), after digestion of the fat with sul-
phuric and nitric acids.
Nitrogen was estimated by a micro-Kjedahl method, urea by the Conway
method (25) after leaving the fat in water in the unit overnight at about 20°C
to allow the urea to diffuse into solution, and ammonia by means of Nessler's
reagent following diffusion into dilute HC1 in a Conway unit.
All the melting points recorded in this paper are uncorrected. Where the sub-
stance melted below 100°C the method advocated by Piper, Chibnall, Hopkins,
Pollard, Smith and Williams (26) was used.
Micro-analyses of the squalene derivatives were made for us by Drs. Weiler
and Strauss of Oxford.
RESULTS
Amount of 'Sebum' Secreted in Relation to Time
Experiments were made to determine the rate of formation or excretion of
sebum following the cleansing of the skin of the forearm by (a) washing with
soap and water, or (b) extraction with acetone. The results of these experiments
with 3 subjects showed (Fig. 1) that when the skin is merely washed with soap
and water in the ordinary way, with no scrubbing, only part of the surface fat
sebum is removed. Thus the three subjects (A, B and C) yielded, respectively,
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50, 70 and 55 mg. of sebum when the two forearms were immersed in acetone
immediately after the wash. With increasing intervals between the wash and the
'extraction' with acetone the amount of sebum collected increased but it reached
a maximum in 1—3 hr. (varying with the subject).
The amounts of sebum obtained after immersion of the arms in acetone were
considerably less than those obtained at the corresponding interval after the
soap and water wash. Another difference was that the sebum secretion following
'washing' with acetone took much longer to reach a maximum; in fact, with two
of the three subjects studied, the maximum was not reached in 6 hr. The sebum
obtained in the experiments recorded in Fig. 1 was collected in London, England,
during the period July—September, 1949. When more information has been col-
lected we hope to discuss the possible effect of changes in the external tempera-
ture and humidity on the amount of sebum secreted.
TABLE 2
General properties of 'sebum' batches D and E
D E
Melting point 35°C 35.8°C
Iodine no 61.5 62.5
Acid no 63.2 73.2
Cholesterol (total) 5.9% 4.4%
Cholesterol (free) — 2.4%
Lipid phosphorus <0.003% <0.002%
Fatty acids (free) 28.6% 29.6%
Fatty acids (combined) 35.0% 36.9%
Unsaponifiable matter 30.8% 33.5%
General Properties and Composition of Sebum
After some preliminary qualitative and quantitative investigations on small
samples of sebum collected from a single subject each time, it was decided to
make a more complete chemical analysis of larger batches representing mixed
sebum from a group of subjects. The sebum obtained was a light-brown plastic
solid with a characteristic odor which was more noticeable when the fat was warm.
Details of the amounts of sebum obtained from' 9 groups of subjects (ranging
from 4 to 82 in number) are given in Table 1, and a summary of the general
properties and composition of two of the largest batches is given in Table 2. The
ash content of these samples of sebum was less than 0.02%. The fat was only
moderately soluble in fat solvents. In ether it dissolved to an extent of about
9% at room temperature; in chloroform it was moderately soluble in the cold
but readily so on warming; while it was only sparingly soluble in cold, and readily
soluble in hot acetone. Solubility in ethanol was similar to that in acetone.
The Fatty Acids of Sebum
Iodine numbers and neutralization equivalents were determined with both
the free and combined fatty acid fractions of batches D and E and sufficient
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material was available for a determination of the Reichert and Polenske values
of batch E. The fatty acids were then separated into saturated and unsaturated
acids by means of the lead salt method. The results obtained are shown in
Table 3. The results with batch D were less reliable than with batch E since
the lead salt separation was apparently not complete in the case of D and there
was probably some contamination with neutral fat as suggested by the high
neutralization equivalent of the unsaturated fatty acid fraction.
Further examination of the fatty acids was not attempted, but we hope to
examine them later in greater details by chromatographic methods.
TABLE 3
The properties of the fatty acids of 'sebum' (batches D and B)
0 E
Free acids Combined acids Free acids Combined acids
Total fatty acids
Iodine no 51 56 41 49
Neutr. equiv
Reichert value
290
—
270
—
275
0.30
258
1.10
Polenske value — — 2.62 3.35
Unsaturated acids
As per cent of total acids
Iodine no
68.7
64
67.5
74
66.0
62
62.3
75
Neutr. equiv
Saturated acids
(299) 274 254 255
Aspercentoftotalacids
Iodine no
31.3
5.0
32.5
6.7
34.0
1.0
37.7
0.4
Neutr. equiv 274 276 270 274
The Nitrogenous Constituents of &bum
The presence of about 1% nitrogen, as estimated by the Kjeldahl method, in
sebum has been shown by Rickets, Squire and Topley (16), and an attempt was
made in our investigations to identify these nitrogenous constituents. Batches
A, B and C were collected by the method of Rickets, Squire and Topley (i.e.
without the chloroform extraction) and the acetone solution was evaporated to
small bulk, filtered hot and then evaporated to dryness. The chloroform stage
was introduced for the collection of batch D and all subsequent collections, and
these batches undoubtedly contained much less non-fatty matter from the sweat
than did batches A, B and C. Urea and ammonia were determined in all batches;
and with batches C, D and E the nitrogen remaining after thoroughly washing
the ethereal solution of the fat with water was also determined; this is referred
to as 'lipid' N in the table, though its precise nature has not been determined.
Nitrogen determinations were also made on the neutral fat and the unsaponi-
fiable fractions of batch E. The results obtained are summarized in Table 4.
The principal nitrogenous constituent was obviously urea, and this was partly
eliminated by the chloroform treatment.
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The Unsaponifiable Fraction of 'Sebum'
The unsaponifiable fraction was a light brown plastic solid with a characteris-
tic "wax-like" odor. It gave an intense yellow green fluorescence in ultra-violet
light. Iodine and acetyl number and cholesterol determinations were made on
batches D and E with the results given in Table 5. The iodine number was rela-
TABLE 4
Nitrogen distribution in 'sebum' (g. N/100 g. sebum)
BATcH A B
0.98
C
0.99
D
—
Ef
—Acetone-soluble N 1.03
Chloroform-soluble N 0.44 — — 0.42 0.49
UreaN 0.89 0.82 0.78 0.26 0.24
Ammonia N — — 0.05 0.02 0.01
'Lipid'N — — 0.11 0.14 0.18
* See footnote to Table 1.
t Sufficient material was available for some N determinations to be made on separated
fractions of batch E. The neutral fat fraction and the unsaponifiable matter contained
respectively, 0.21% and 0.24% N.
TABLE 5
Chemical constants and cholesterol contents of the unsaponiftable fractions of batches D and E
D E
Iodine no 92 74
Acetyl no 70 83
Cholesterol 22.2% 14.4%
TABLE 6
Principal fractions from the chromatography of the unsaponifiable fraction of batch E
REACTION WEIGHT ELIJENT NATURE
mg. %
I 483 Light petroleum Hydrocarbons 45.6
II 83 Light petroleum Sat. and unsat. alcohols. 7.9
III 103 5% chloroform in petroleum Not identified 9.7
IV 146 10% chloroform in petroleum Cholesterol 13.8
V 42 Chloroform Not identified 4.0
VI 23 Methanol Not identified 2.2
tively high indicating the presence of highly unsaturated substances, while the
acetyl number was low (cholesterol has an acetyl number of 131), suggesting
the presence of hydrocarbons.
An attempt was made with batch D to separate the components of the Un-
saponifiable matter by fractional crystallization from methanol, but as this
proved unsuccessful the chromatographic method was developed. 1.06 g. of the
unsaponifiable fraction of batch E was separated in this manner and the principal
fractions thus obtained are shown in Table 6.
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The hydrocarbon fraction (I) was a white wax-like material with an iodine
number of 132 and an acetyl number of 0. From the general properties of this
fraction it was thought that it might contain squalene, and ultimately the pres-
ence of this unsaturated hydrocarbon was established. The experimental sup-
port for this view is given in the next section of this paper.
After the squalene had been removed from the hydrocarbon fraction (of batch
K), by the method described in the next section, the residue gave, on recrystal-
lization from acetone, an apparently saturated white waxy material of m.p.
57.6°C. A molecular weight determination (Rast) gave a result of 428; thus this
material does not appear to consist solely of a mixture of paraffins, and its na-
ture is being further investigated. During the chromatography no band of pig-
ment corresponding to /3-carotene was obtained.
Fraction (II) from the unsaponifiable fraction of batch E was a pale yellow
wax-like substance (m.p. 48°C; iodine number 39). Charcoal treatment of the
chloroform solution gave a white wax-like substance which on fractional crystal-
lization from acetone gave two fractions, m.p. 38°C and 64°C respectively; the
latter gave an acetyl derivative m.p. 48.8°C. This fraction was apparently a
mixture of a saturated and an unsaturated alcohol (eicosanol m.p. 70° gives an
acetyl derivative of m.p. 44°C).
Fraction (III) was a pale yellow wax-like material, m.p. 39°C with an iodine
number of 40. Treatment with charcoal removed the extraneous pigment. The
substance was readily soluble in most organic solvents, and did not form an in-
soluble digitonide. Recrystallization from ice-cold light petroleum gave a white
solid, m.p. 46°C, which formed an acetyl derivative of m.p. 43°C. The fraction
gave a yellow coloration with a green fluorescence in the Liebermann-Burchard
test. This unusual coloration persisted on purification of the substance and was
also given by the acetyl derivative. A similar coloration is given by certain tn-
terpenes (e.g. basseol), but no reference has been found in the literature to a
low-melting compound which gives this reaction. The nature of this fraction is
unknown. Apparently two substances are present, but it has not as yet been
possible to separate or identify them.
The crude cholesterol fraction (IV) was an almost colorless crystalline solid.
On recrystallization from ethanol characteristic cholesterol crystals, m.p. 147°C,
were obtained and an acetyl derivative m.p. 114°C, prepared. This and adjacent
fractions failed to give a positive Rosenheim (27) test for ergosterol. The sterols
present in sebum thus appear to consist almost entirely of cholesterol.
Fractions (V) and (VI) were too small to examine in detail. The former frac-
tion, a brown wax-like material, gave on crystallization from acetone a dirty
white amorphous material m.p. 95°C. Fraction (VI), a pale yellow wax, gave on
recrystallization from methanol a white solid m.p. 79—81°C. Neither substance
was identified.
The total recovery from the column was 92%, and it was not found possible
to recover the remainder. Fractions intermediate to those that have just been
described were too small for examination and were mainly wax-like substances
with melting points well below 100°C. Liebermann-Burchard tests were made
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on all the fractions obtained and in no case was the red coloration, claimed to be
characteristic of "isocholesterol" (cf. Unna and Golodetz (1)), obtained. The
triterpenes of sheep wool wax are therefore completely absent from the human
sebaceous secretion.
Identification of Squalene in Sebum
Squalene is an unsaturated hydrocarbon (C30H50) found in the liver oil of cer-
tain fish, and it is usually identified by conversion to the crystalline hexahydro-
chloride (C30H66Cl6) or the dodecabromide (C30H60Br12).
Our attempts to separate squalene hexahydrochioride from the mixed hydro-
carbons (Fraction I of sebum batch E; cf. Table 6) were unsuccessful. When dry
HCI gal was passed into a solution of 43 mg. of Fraction (I) in ether at —5°C,
14 mg. of colorless diamond-shaped crystals were obtained; this preparation,
which gave 'shrinking at 110°C and apparent melting at 117°C and which re-
sembled squalene hexahydrochioride, did not give satisfactory analytical results
even after it had been recrystallized three times from acetone. A similar crystal-
line preparation of the hexahydrochloride from the hydrocarbon fraction of batch
F likewise gave an unsatisfactory analysis.
After unsuccessful efforts to separate pure squalene from the mixed hydro-
carbon fraction by chromatography, an attempt was made to separate it as the
dodecabromide. An ethereal solution of fraction I (of sebum batch G) was treated
with an ethereal solution of bromine. A colorless bromide separated, and this
when recrystaffized from carbon tetrachloride, gave m.p. 188° (decomp.), with
darkening at 183°. (Found: C, 26.7; H, 3.7; Br, 68.9%, CaIc. for C30H50Br12:
C, 26.3; H, 3.7; Br, 70.0%). A molecular weight determination by Rast's method
was not possible since the camphor-squalene bromide mixture decomposed before
melting. A sample of squalene dodecabromide prepared from an authentic sample
of squalene had the same rather indefinite m.p. as our material prepared from
sebum, and it also decomposed when heated with camphor for a mol. wt. deter-
mination.
In view of this success with the separation of squalene dodecabromide, a re-
newed effort was made to prepare the hydrochloride. Since it appeared probable
that our previous failures to obtain the pure hydrochloride were due to copre-
cipitation of saturated hydrocarbons with the squalene hydrochloride, we de-
cided to remove these interfering compounds. Part of batch K (2.465 g.) was
saponilled and the unsaponifiable fraction (722 mg.) isolated; from this the
hydrocarbon fraction (287 mg.) was obtained. This was crystallized from ice-cold
acetone and the acetone-soluble fraction (109 mg.) collected, dissolved in ether
and treated with dry HC1 gas at —5°C; the hydrochloride which separated was
recrystallized twice from acetone, yielding 7 mg. of diamond-shaped plates, m.p.
117°C with preliminary softening at 108°C (pure squalene hexahydrochioride
gave m.p. 115°C with softening at 108°C). Analysis gave C, 57.2; H, 8.8; Cl,
34.1% (CaIc. for squalene hexahydrochloride, C30H6Cl6: C, 57.2; H, 9.0; Cl,
33.9%).
Molecular weight determinations, by Rast's camphor method, on our squa-
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lene hexahydrochioride preparations from sebum, gave a low result (310, as
compared with a theoretical value of 629) but we also found that an authentic
sample of pure squalene hydrochloride gave a similarly low value (320); appar-
ently this compound undergoes partial decomposition during the heating proc-
ess. (Camphene, with a lower m.p. than camphor, cannot be substituted for
camphor in this case, since both the hexahydrochioride and dodecabromide of
squalene are insoluble in camphene.)
From these results it can be concluded that the hexahydrochioride and the
dodecabromide we have prepared from the unsaponifiable fraôtions of several
batches of mixed sebum are identical in all respects with the corresponding
squalene derivatives prepared from pure squalene separated from shark-liver oil.
It is not possible as yet to give precise values for the squalene content of the
various batches of sebum we have so far examined, but an approximate value
can be given. Calculations based on the iodine number of the hydrocarbon frac-
tion (Fitelson's (28) method) give 16.2% for the squalene content of the Un-
saponifiable fraction of sebum batch E, corresponding to a value of 5.4% for the
whole sebum; calculations based on the weight of squalene hexahydrochioride
actually separated gave values of 9.6% and 3.2% respectively, but these are
certainly low because the hexahydrochloride is not completely precipitated from
an ethereal solution.
Glycerol
The aqueous residues from the saponification of batches D and E were ex-
amined for glycerol. The solution was evaporated to dryness in vacuo, the residue
dissolved in hot ethanol, and the solution filtered and evaporated to dryness on
a water bath. The residue was heated with potassium bisulphate, and the acro-
lein formed carried by a stream of CO2 into a saturated solution of 2: 4-dinitro-
phenylhydrazine in ethanol containing 1% HC1, yielding crystals of acrolein
2: 4-dinitrophenylhydrazone (m.p. 164°C, and no depression of the m.p. of an
authentic specimen).
The fat, therefore, contained glycerides, and the low acetyl number (about 2)
of the neutral fat fraction indicated the absence of free alcohol groups other than
could be accounted for by the free cholesterol present. Thus the glycerides
present in sebum are almost certainly triglycerides.
The Vitamin Content of Sebum
Many samples of fresh sebum from single individuals and aiso a mixed sample
from a group of 14 subjects have been tested for the fat-soluble vitamins and
some of their precursors, using about 100 mg. of sebum for each test. In view of
the fatty nature of sebuin it appeared unlikely that it would contain the water-
soluble vitamins, but it was decided to test also for two members of this group,
since there is the possibility that these might have been excreted in the sweat
and 'carried' into the sebum in association with other compounds. Furthermore
since the sensitivity of the chemical tests we have used may be affected by some
of the constituents of sebum, we have carried out 'control' tests in which very
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small amounts of the various vitamins were added to sebum, and these control
tests were run alongside the tests on untreated sebum. In this way we have been
able to place an upper limit on the amount of the different vitamins present
where the tests on sebum gave negative results.
Of the fat-soluble vitamins only vitamin E (tocopherols) was detected, and
all samples of sebum examined contained significant amounts of this vitamin
as determined by the colorimetric method of Emmerie and Engel (29) and vari-
ous modifications of this method. The total amount of fat-soluble reducing sub-
stances/g. of sebum collected 1—3 hr. after acetone 'washing' of the forearm was
appreciably higher than that collected during a similar period after washing with
soap and water. A further study is being made of the excretion of vitamin E and
other reducing substances in the sebum under varying conditions.
A full account of the results of our chemical tests for the other vitamins will
be given later, but a few of the chief results may be summarized as follows. No
significant amounts of vitamin A, $-carotene, vitamin K, thiamine and ascorbic
acid could be detected in the sebum tested. All the samples of sebum and all but
one of the non-saponifiable fractions tested gave negative results when tested for
for ergosterol by the Rosenheim (27) color test with 90% trichloroacetic acid;
however, since this test is much less sensitive than are the biological tests, and
since some of the sebum fractions gave results suggesting the presence of ergoste-
rol we cannot exclude the possibility that a significant amount may sometimes
be present. We hope to make a more complete study of this problem with the aid
of the more sensitive biological tests.
DISCUSSION
The method of collecting sebum by immersing the forearms in acetone, as
advocated by Rickets, Squire and Topley (16) has been found very satisfactory,
and the amount of sebum obtained in this way is fairly constant for any one
individual if the collection is made under standard conditions and during the
periods when the external temperature does not greatly vary. One important
modification we have introduced into this method is the 'purification' of the
sebum by the use of chloroform to dissolve all the fatty matter of the acetone
extract, leaving behind most of the non-fatty compounds (urea etc.) which have
almost certainly come from the sweat.
The preparation of the skin before the start of the experiment is important
when the rate of sebum secretion is being measured. Ordinary washing with
soap and water removes not more than half the surface fat from the skin, and
immersion of the arm in acetone at the 'zero point' is much better for experiments
of this type. Under the standardized conditions of the experiments described in
this paper the rate of sebum secretion showed much less variation from day to
day than was expected.
From the values for the amounts of free and combined fatty acids, the sterols,
glycerol etc., the average composition of sebum can be calculated, and these
calculations suggest that an average sebum contains the following: about 20%
free unsaturated fatty acids, 10% free saturated fatty acids, 25% triglycerides,
44 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
25% fatty acid esters other than glycerides (waxes etc.), 5% cholesterol (free
and combined) and 15% hydrocarbons (including 5% squalene). A certain
amount of information about the free fatty acids of hair fat, the sebum secreted
by the sebaceous glands of the scalp, is available, for Rothman, Smiljanic, Sha-
piro and Weitkamp (30) found that the saturated C7, C9, C11 and C13 fatty acids
are responsible for the selective fungistatic and fungicidal action of the hair fat
of adults towards Microsporon audouini. The significance of the fatty material
on the skin surface in relation to self-disinfection of the human skin and its
appendages has been studied by Burtenshaw (15) and the same author (31) has
fully reviewed this subject. Butcher and Parnell (32) have studied the fatty
components of the sebaceous secretion of the human scalp.
Our own experiments show that the amount of nitrogenous matter in sebum
is small, particularly if the 'chloroform-purification' modification is used. Urea,
presumably derived from the sweat, accounts for about half the total N of sebum
and most of the remainder is lipid N. This lipid N was, however, very small
(0.11—0.18%) with all batches of sebum examined, and thus very little cerebro-
side or phospholipid can be present; the absence of the latter is confirmed by
the very low P content of sebum (<0.003%).
Among the compounds which do not appear to have been hitherto identified
as constituents of sebum are squalene and vitamin E. Squalene, an unsaturated
hydrocarbon (C301150) found in the liver oils of shark and certain other fish and
also in yeast, is present to the extent of about 5% of all the mixed samples of
sebum we have studied, and it would be interesting to know whether this com-
pound has any special function in skin metabolism. It is possible, of course,
that excretion of squalene in the sebum merely represents the elimination of a
metabolically useless compound, but the possibility of squalene being an impor-
tant metabolite should not be overlooked. Squalene has some structural chemi-
cal relationship with the carotenoids and also with some of the fat-soluble vita-
mins (e.g. A and E) and the sterols and steroids, but there appears to be no clear-
cut evidence of any special metabolic significance of squalene. When squalene
is administered to rats by the mouth there is a very marked increase in the
amount of unsaponifiable matter, including cholesterol, in the liver (Channon
(33)) but the available evidence, whilst not conclusive, suggests that squalene is
not converted into cholesterol (Channon and Tristram (34)). The presence of
squalene, or some compound very similar to it, in the fat of ovarian dermoid
cysts has been established by Dimter (11) who considers that the formation of
this substance is pathological (12). Our evidence shows, however, that squalene
is a normal constituent of human sebum, and it is our intention to make a more
complete study of the excretion of this compound by the normal and pathologi-
cal individual.
The secretion of significant amounts of vitamin E (tocopherols) in the sebum
is also one of considerable interest, particularly, in view of the recent attempts
to treat certain skin conditions by the oral administration of this vitamin (Bur-
gess and Pritchard (35), Burgess (36), MacKenna and Russell (37)). Other in-
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vestigations, which we hope to report later, show that the amount of vitamin
E plus other similar reducing substances secreted per hour is fairly constant
for any one individual under standardized conditions. Per gram of sebum, there
is considerably more in the sebum obtained from skin which had been extracted
with acetone 3 hours earlier, than in the sebum obtained from the skin 3 hours
after a soap and water wash. This difference is almost certainly due to the de-
composition of the vitamin and other reducing substances in the sebum exposed
to the air for a long time. Vitamin E is an anti-oxidant and the presence of such
a compound in sebum should undoubtedly help to retard the oxidation of un-
saturated fatty acids and related compounds in sebum, but how far this is of
physiological value cannot be decided without further investigation. There ap-
pears to be sufficient general evidence available, however, to suggest that the
vitamin E and other anti-oxidants of sebum may be of some importance in the
maintenance of the normal condition of the skin.
SUMMARY
1. 'Sebum' has been extracted from the forearms of normal males by immers-
ing the arm in acetone. The acetone-soluble matter has been 'purified' by dis-
solving in chloroform, and mixed batches from 4—82 subjects have been examined
chemically.
2. The rate of normal secretion of sebum from the forearm has been studied
in a few subjects. After immersion of the arms in acetone, the two forearms
secrete sebum at the rate of about 10—25 mg./hr. during the next 3—6 hr.
3. Mixed sebum from 107 subjects contained 29% free fatty acids (about two-
thirds being unsaturated, with a mean iodine number of 62—75), 36% combined
fatty acids (as glycerides, waxes and other esters) and 32% unsaponifiable matter.
4. Chromatographic analysis of the unsaponifiable fraction of sebum has
yielded hydrocarbons (about 46% of the total unsaponifiable matter), choles-
terol (14%) saturated and unsaturated alcohols (8%) and some as yet unidentified
compounds.
5. The presence of about 5% of squalene in sebum has been established.
6. A very small amount of nitrogenous matter is present, chiefly as lipid and
urea.
7. Sebum contains significant amounts of vitamin E. No significant amount
of any other fat-soluble vitamin, j3-carotene or ergosterol was found.
8. The possible significance of the presence of squalene and vitamin E in the
sebum is briefly discussed.
We are greatly indebted to Professor J. R. Squire of the Industrial Medicine
Research Unit (Medical Research Council) Birmingham, and his colleagues for
having given us, before publication of their paper, details of their acetone
method for the extraction of sebum. Thanks are also tendered to The British
Rubber Producers' Research Association for a sample of pure squalene, and to
the medical students, technicians, research workers and teachers of our College
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who acted as subjects for this investigation. Part of the expenses of the in-
vestigation were covered by expenses grants to one of us (A. W.) by the Medical
Research Council and the Central Research Fund of London University.
Postscript (added April 20th 1950).
A few weeks after our paper had been submitted for publication, the interest-
ing paper by Sobel, H., on 'Squalene in sebum and sebum-like materials' ap-
peared in the December issue of this journal (J. Investig. Derniat. 1949, 13, 333).
Using a modified Liebermann-Burchard test, Sobel was able to detect squalene
in the lipids of ovarian dermoid cysts, thus confirming earlier observations (e. g.
Dimter (11)); similar positive color reactions were obtained with cerumen, hair
oil and smegma. As the author points out, however, the method he used is not
specific for squalene. We agree with him that "the colorimetric method should be
of use in the quantitative determination of squalene in lipids where it has been
shown to be present by other methods and where there are no interfering sub-
stances." We believe that our experiments are the first to establish the presence,
by chemical isolation, of squalene in the surface skin fat of man.
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